Background. Human spatial navigation can be conceptualized as egocentric or exocentric, depending on the navigator's perspective. Navigational impairment is known to occur in individuals with cognitive impairment, but less is known about navigational abilities in nondemented older adults. Our objective was to develop tests of navigation and study their cognitive correlates in nondemented older adults.
S UCCESSFUL navigation requires highly complex interactions among multiple cognitive processes, including visual perception, spatial orientation, learning, and memory (1) . These cognitive processes may be differentially activated depending on the relationship of the navigator to the objects within the environment being negotiated. For this reason, navigation tasks can be divided according to the navigator's perspective (2) . In an egocentric navigation paradigm, the navigator maintains a static spatial orientation to objects in the environment. This type of ''route-based'' navigation is essentially linear and sequential: An egocentric navigator progresses from a fixed origin to a fixed final destination, always passing intervening landmarks in the same order and with the same spatial orientation to them. By contrast, in an exocentric type of navigation the navigator's spatial orientation to objects in the environment is fluid. This type of ''map-like'' navigation relies on more flexible Euclidian spatial elements rather than linear sequence: The navigator's origin, destination, spatial orientation to intervening landmarks, and path all can vary.
The two types of navigation described above have been linked to distinct aspects of the brain's visuospatial mechanisms (1) . The ventral (''what'') pathway has been associated with the processing of visual landscapes and the objects within them, whereas the dorsal (''where'') pathway has been associated with processing spatial relationships (3) . In addition, functional neuroimaging has been used to investigate the specific neural substrates underlying different navigation paradigms. These studies have implicated posterior parietal and basal ganglia regions in egocentric navigation, whereas hippocampal and parahippocampal regions have been linked to exocentric navigation (4) . Neuroimaging studies have often been conducted in healthy young individuals or, when examining older individuals, have focused on those with brain damage (i.e., stroke) or cognitive impairment (i.e., dementia). In addition, many such investigations use virtual reality to test navigation, a methodology that may present unique challenges to older persons. By comparison, the cognitive processes underlying navigational abilities in nondemented older adults have been infrequently studied, particularly in assessments oriented toward real-world conditions.
In the present study we developed two navigational tests with real-world applicability: the Local Route Recall Test (LRRT), an egocentric task, evaluated participants' accuracy in recalling walking routes to landmarks in their own neighborhoods; the Floor Maze Test (FMT), an exocentric task, required navigation through an unfamiliar twodimensional floor maze.
We used these tests to explore the associations between egocentric and exocentric navigational skills and specific underlying cognitive processes in older adults without dementia or amnestic Mild Cognitive Impairment (MCI). Based on prior studies, we postulated that in our population of nondemented, non-MCI older adults exocentric navigation on the FMT would be associated with measures of executive function (5, 6) and egocentric navigation on the LRRT with memory measures (7, 8) .
METHODS

Study Population
Eligible persons for this pilot study included communitydwelling participants in the Einstein Aging Study (EAS: 85%) and a smaller sample of community volunteers (15%) evaluated at our research center between July 2001 and March 2002. EAS participants were systematically recruited from population lists of Medicare recipients, 70 years old or older, living in Bronx County. All participants had been living at their current address for at least 4 years at the time of testing. Overall EAS study design and methods have been previously reported (9) (10) (11) . EAS exclusion criteria included severe visual/auditory impairment, English language facility precluding cognitive testing, inability to ambulate, and institutionalization. Written informed consent was obtained from each participant at study entry according to protocols approved by the local institutional review board. Additional exclusion criteria for this study included use of walking aids and presence of either dementia (12) 
Clinical and Cognitive Evaluations
Using structured questionnaires, research assistants obtained information on demographic variables (age, sex, and education), medical history, and presence of depressive symptoms (15-item Geriatric Depression Scale [GDS]) (14) . Cumulative medical burden was calculated using a summary score (range 0-19) based on self-report of 19 possible medical conditions: stroke, Parkinson's disease (PD), depression, other psychiatric disorder, rheumatoid or osteoarthritis, hip/neck/skull fracture, cardiovascular disease (heart failure, myocardial infarction, angina, arrhythmia, heart murmur, claudication), hypertension, diabetes, chronic lung disease, or cancer. A board-certified neurologist examined each participant and obtained additional details on medical history. Finally, all participants completed a series of basic gait and mobility assessments, including gait velocity and falls history.
All participants underwent an extensive battery of neuropsychological tests validated in our population (15) (16) (17) (19, 20, 23) . Although the battery did not include a specific test of visual memory, tests such as Block Design, Digit Symbol, and the Trail-Making Test all incorporate abilities from the visuospatial and construction domains. Additional testing of visuospatial reasoning for this pilot study included a paper-and-pencil Porteus maze test from Level VIII of the Vineland Revision (24) . For data reduction purposes, we submitted neuropsychological test scores to principal components factor analysis (PCA, see Statistical Analysis section, below) (25) .
As described previously (10, 26) , using review of all available clinical and neuropsychological data, diagnoses of dementia (Diagnostic and Statistical Manual of Mental Disorders, 4th Edition [DSM-IV] criteria) and amnestic MCI (Petersen criteria) were made by unanimous consensus at case conferences attended by the study neurologist, neuropsychologist, and social worker. Neuroimaging was not performed in all participants as a standard component of our research protocols.
Egocentric and Exocentric Navigational Skills
To reduce variability in testing conditions as much as possible, a single research assistant performed all navigation testing using a standard set of instructions for each test.
FMT
To test exocentric navigation, we constructed a 79 3 109 floor maze (Figure 1 ) approximately based on the paper Porteus Maze-Extension VIII test (24) using white tape on blue carpet in a large well-lit room in our research center. The Extension series is slightly less complex than the Vineland Revision used in the paper-and-pencil Porteus test (27) . The research assistant positioned participants at the entry point and instructed them to find their way to the exit. Using a stopwatch, the research assistant individually recorded time elapsed from end of instructions to maze entry (Planning Time [PT], seconds) and total time from maze entry to successful exit (Immediate Maze Time [IMT], seconds). Participants repeated the maze (Delayed Maze Time [DMT] , seconds) after a delay of 10 minutes, during which they performed gait and mobility tests in a separate room. For the IMT, participants were permitted to correct any wrong turns while in the maze, although errors were tabulated. No planning period was allowed for DMT, and errors were not tabulated for this portion of the test.
Participants received as much time as they needed for each segment of the test. Each of the three segments (PT, IMT, and DMT) were timed and analyzed separately.
LRRT
From a list of common landmarks (bank, school, park, etc.), participants were asked to choose three that they encountered at increasing levels of annual frequency while walking in their local neighborhoods. For the least frequently visited landmark, we established a minimum visit rate of three times per year to ensure a minimum level of familiarity with the route and to minimize recall bias. Participants were asked to estimate the number of times they passed each landmark in an average year and specifically in the month immediately preceding testing. Using self-report of encounters during the month preceding testing, the most and least frequently visited landmarks were identified for each participant. For each landmark, participants described their usual route from home to landmark, including street names and turns. The route for the most frequently visited landmark was designated the High-Frequency Route and that for the least frequently visited landmark the LowFrequency Route. Street-naming error rates on the Highand Low-Frequency Routes were the main outcomes. Error rates for each route were calculated as the percentage of streets named incorrectly from the total number of streets named, irregardless of sequence along the route. A standard street atlas of each participant's neighborhood was used to verify route description accuracy. The LRRT was introduced approximately 4 weeks after the FMT, and data are available for a slightly smaller group of participants for this test.
Statistical Analysis
Neuropsychological test results were submitted to PCA (25), using Varimax rotation to derive orthogonal factor scores accounting for 64% of test score variance. The resultant cognitive factors were used as predictors in regression analyses. In addition, we completed secondary analyses for the neuropsychological test with the highest loading score for each factor, to not obscure individual test contributions. For the FMT, we examined the association of neuropsychological factors with PT, IMT, and DMT using linear regression analyses adjusted for demographic variables (age, sex, and education), medical summary score, and gait velocity. Using poorest performances, we imputed IMT (100 seconds) and DMT (32 seconds) for nine participants unable to complete all components of the FMT. Main results were not materially different after excluding these nine participants. For the LRRT, overdispersed Poisson regression (28) was used to model street-naming error rates on the High-and Low-Frequency Routes as a function of neuropsychological factors, also adjusted for demographic variables, medical summary score, and gait velocity. The models were fit by maximum quasi-likelihood using the glm () function in S-Plus (29) . Participants who could not perform the LRRT were omitted from the analysis, and we did not impute data for this group given the relatively large number of participants who did not complete the test (see Results, below). Unless otherwise specified, all statistical analyses were conducted using SPSS version 15.0 (30).
RESULTS
Baseline characteristics are shown in Table 1 . The sample was predominantly Caucasian (75%), female (56.7%), and well-educated (mean 13.8 years). Neuropsychological test performance is displayed in Table 2 . Mean neuropsychological test performance for all participants was in the normal range for age and education for all tests (31) .
Our population of community-dwelling elderly participants was relatively healthy. Participants self-reported a mean of 3.3 medical problems on the 19-point medical summary score. They endorsed few depressive symptoms (mean GDS score ¼ 2.0). Twenty-seven percent had fallen in the year preceding testing, consistent with patterns of fall frequency in geriatric populations (32) . None of the participants endorsed a previous history of PD. Stroke was selfreported by 17 participants; however, only four participants had any clinically detectable residual deficits (isolated left homonymous hemianopsia in one, mild left hemiparesis in two, and mild right hemiparesis in one). We conducted a secondary analysis after excluding all participants who had self-reported a history of stroke; results are described below.
Neuropsychological Test Factor Analysis
PCA results are shown in Table 3 . Three significant orthogonal factors associated with major cognitive domains were found. The Executive Function/Attention factor loaded highly on the Digit Symbol, Trail-Making (A and B), and Block Design tests, all of which are timed tests relying on problem-solving abilities and speed of processing; Digit Symbol was the highest loading test on this factor. The Verbal Ability factor loaded highly on WAIS-R verbal IQ subtests, with the Information subtest as the highest loading test. The Memory Factor loaded highly on tests of working, semantic, and episodic memory, with Free-Recall (FCSRT) as the highest loading individual test.
FMT
Error-free completion of the IMT was achieved by 101 of 124 participants (the testing room was unavailable for three participants). Of the 23 participants (18.1%) who did not attain error-free IMT completion, 16 completed the test with errors and 7 prematurely terminated their trials because of frustration. By comparison, 45 (36.6%) participants committed errors on the paper-and-pencil Porteus maze. Two participants completed the IMT but were unable to complete the DMT. There were no significant group differences on the FMT by gender, significant depressive symptoms, medical illness summary score, or history of falls. Test performance on the FMT is shown graphically in Figure 2B Table 4 shows that the Executive Function/Attention factor predicted performance on all components of the FMT in the fully adjusted models. In terms of individual tests, Digit Symbol similarly predicted performance on all components of the FMT, whereas Free Recall (FCSRT) predicted IMT.
Of covariates tested, age was significantly associated only with PT, whereas walking velocity was significantly associated with DMT for both the factors and the individual tests. None of the other adjustments were significant. Main results were unchanged after exclusion of the 17 participants with a self-reported history of stroke (data not shown).
LRRT
Of the 111 participants who attempted the test, 91 (82.0%) successfully completed it. Of the 20 participants who did not complete the test, 11 did not walk often in their neighborhoods, five were able to recall the route to only one landmark, and four self-discontinued testing. Although three annual visits was the minimum required on both routes, most participants visited the landmarks more frequently (mean 460.4 visits annually to the High-Frequency landmark and 67.9 visits to the Low-Frequency landmark). During the month immediately preceding testing, participants had encountered High-Frequency landmarks a mean of 37.8 times (range 4-120) and Low-Frequency landmarks 5.6 times (range 0-50). Distance (70%) and ease of terrain (27%) primarily influenced walking route selection to the neighborhood landmarks.
Performance on the LRRT is shown in Figure 2A . Errorfree completion was achieved by 83.5% of participants on the High-Frequency route and by 62.6% of participants on the Low-Frequency route. Participants named more streets on the Low-Frequency than the High-Frequency route (mean 5.8 vs 3.6, p .001). Error rates were higher on Low-Frequency street naming (15.6 vs 7.8% streets incorrectly named, p ¼ .009) than on High-Frequency streetnaming. Error rates on describing turns did not contribute significantly to the analysis for either route (data not shown). There were no significant group differences by gender, significant depressive symptoms (GDS . 6), medical illnesses, or educational level.
Poisson regression (Table 5) revealed that the Executive Function/Attention and Memory factors predicted HighFrequency route error rates whereas for the Low-Frequency route, none of the factors were significant. Of the highest loading individual tests for each factor, Digit Symbol predicted performance on the High-Frequency route and Free Recall (FCSRT) predicted performance on the LowFrequency route.
Several potential confounders were significantly associ- ated with test outcomes. On the High-Frequency route, age was associated with performance for all three factors and on the Digit Symbol test. The medical summary score affected the Memory and (nonsignificant) Verbal Ability factors. Gait velocity, sex, and education had no significant association with outcomes on either the factors or the individual tests. On the Low-Frequency route, except for the Memory factor, age influenced performance for all predictors, including individual tests, but none of the other covariates were significant. In the secondary analysis excluding the 17 participants with a self-reported history of prior stroke, main results were unchanged for the HighFrequency route but Free Recall no longer predicted performance on the Low-Frequency route (data not shown). No significant correlations were found between either the High-Frequency or Low-Frequency route outcome measures and any of the components of the FMT.
DISCUSSION
In this study we developed and examined clinical tests of egocentric and exocentric navigation in a group of nondemented community-residing elderly persons. The tests were well tolerated, quick, and easy to administer. The majority of participants were able to complete both tests. Our results demonstrated strong associations between the two navigation tests and specific cognitive processes in older adults without dementia or amnestic MCI, supporting the construct validity of these two new tests. Although both the FMT and the LRRT tests are associated with cognitive processes related to executive function and memory, the lack of correlation between the two suggests that they may be tapping into complementary but distinct human navigational abilities.
On the exocentric FMT, the Executive Function/Attention factor and its highest loading individual test, Digit Symbol, were related to performance on all three components of the test in models adjusted for potentially significant confounders such as demographic variables (age, sex, and education), gait velocity, and medical summary score. The strong association indicates that this test of exocentric navigation required participants to tap into cognitive abilities associated with mental flexibility and psychomotor processing speed. Memory scores predicted performance on the IMT but not on the DMT, suggesting that episodic memory was not a strong contributor to delayed navigation performance. With the exception of PT, results on the FMT were independent of age. Walking velocity was related to performance only on the DMT. Because this was a novel testing paradigm, we wanted to reduce variability in testing conditions as much as possible. For this reason, a single research assistant performed all testing, using a standard set of instructions. Alternate versions of the FMT were not tested because of space and time constraints. We are addressing these issues in ongoing studies. Nonetheless, there was high correlation between IMT and DMT on the FMT indicating very good test-retest reliability despite possible practice effects caused by repeat administration and planning. On the egocentric LRRT, both the Executive Function/ Attention and Memory factors were associated with HighFrequency route performance, whereas none of the factors were significant on the Low-Frequency route. Digit Symbol and not FCSRT predicted High-Frequency route performance, raising the possibility that, for frequently traveled routes, route recall relies on cognitive abilities beyond memory. On the Low-Frequency route, the FCSRT demonstrated the anticipated association and the Memory Factor did not, possibly indicating a specific role for episodic memory in recall of routes less often traveled. The associations between aspects of the egocentric LRRT and memory may represent colocalization of these functions in common neuroanatomical sites, such as the hippocampus or frontal lobes. Maguire and colleagues (33) reported relative hypertrophy of the posterior hippocampus in London taxi drivers with extensive navigation experience compared to controls. Another study reported that Alzheimer's disease and MCI patients recognized landmarks as well as controls did on a route-learning task, but could not find their locations on maps or recall the order in which they were encountered (6) . Location identification correlated with right posterior hippocampal and parietal volumes, whereas recall order correlated with bilateral inferior frontal volumes.
Although our ability to comment on the relationship between navigation and aging is limited by the fact that our sample did not include young participants, our analysis within this age-restricted sample shows that age influenced the egocentric LRRT more than the exocentric FMT. At first glance, this finding might seem to suggest that street-naming errors were a function of decreased activity outside the home for older participants. However, older participants did not report visiting local landmarks less often, irrespective of route frequency, nor were they more likely to be unable to perform the LRRT. The ability to name streets accurately on the LRRT may be influenced by other factors, such as long habituation to the neighborhood or memory performance.
Our tests differ somewhat from previous investigations, which have included participants' ability to retrace routes in clinical or hospital settings (5, 6) . These tests, which can be cumbersome for use in a clinical rather than a research setting, often depend on the local architecture or participants' familiarity with the testing environment, making them prone to reduced reliability if landmarks change and limits their comparison with other settings. Virtual reality has been used to investigate navigation, usually in younger participants offering the requisite easy familiarity with computer operations. The correlation between virtual environment navigation and real-world navigation has not been well established. Hence, our tests may not be directly comparable to previous studies. In contrast, by testing navigation in real-world settings, our tests may improve ecological validity, in keeping with an elderly population's navigational skills.
The question of ecological validity raises implications for clinical assessments of navigation in community-dwelling elderly individuals, including evaluation of environmental safety (i.e., giving directions, driving ability, and wandering behavior). In the relatively low correlation found between the paper-and-pencil Porteus maze and the FMT, our results seem to corroborate earlier findings that paper-and-pencil spatial tests do not necessarily correlate strongly with realworld tests of navigational ability (34). Porteus mazes were recently shown to predict driving ability in persons with mild dementia (35) but given that ecological validity may be lower in paper tests, a test such as the FMT could be useful in clinical assessment of the cognitive and spatial skills required for safe driving in elderly individuals. The LRRT, by focusing on local neighborhoods, may be an ecologically valid method to assess navigational skills in clinical settings and possibly to aid in identification of early impairments in memory or executive function. Errors on the LRRT could be verified through an informant. These applications should be further studied in other settings.
A strength of our study is that the sample size was large enough to allow us to control for a number of key confounders. Several limitations require acknowledgment. This cognitively normal sample from the Bronx is not necessarily representative of the general population, and our findings need to be replicated in other cohorts. The cognitive factors are unique to our sample but were similar to those obtained in our previous studies (36, 37) . Our standard battery of neuropsychological tests did not include a specific test of visual learning, although tests such as Block Design and TMT incorporate abilities from the visuospatial domain; it has also been suggested that two-dimensional tests of visual memory function are not equivalent to recall of threedimensional space (4) . Finally, the cross-sectional nature of the study precludes causal inferences.
Summary
We developed novel clinical tests of egocentric and exocentric navigation. Exocentric navigation in cognitively normal elderly persons, assessed with the FMT, was related to executive function and to a lesser extent memory. Egocentric skills, tested by the LRRT, were associated with memory, executive function, and age. Our findings provide insight into exocentric and egocentric navigation skills in cognitively normal older adults, and should be validated in other populations or pursued in longitudinal assessments and with techniques such as neuroimaging or transcranial magnetic stimulation to localize neuroanatomical sites or networks.
